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ABSTRACT
Understanding the gaps in missed opportunities for vaccination (MOV) in sub-Saharan Africa would inform
interventions for improving immunisation coverage to achieving universal childhood immunisation. We
aimed to conduct a multicountry analyses to decompose the gap in MOV between poor and non-poor in
SSA. We used cross-sectional data from 35 Demographic and Health Surveys in SSA conducted between
2007 and 2016. Descriptive statistics used to understand the gap in MOV between the urban poor and
non-poor, and across the selected covariates. Out of the 35 countries included in this analysis, 19 countries
showed pro-poor inequality, 5 showed pro-non-poor inequality and remaining 11 countries showed no
statistically signiﬁcant inequality. Among the countries with statistically signiﬁcant pro-illiterate inequality,
the risk difference ranged from 4.2% in DR Congo to 20.1% in Kenya. Important factors responsible for the
inequality varied across countries. In Madagascar, the largest contributors to inequality in MOV were
media access, number of under-ﬁve children, and maternal education. However, in Liberia media access
narrowed inequality in MOV between poor and non-poor households. The ﬁndings indicate that in most
SSA countries, children belonging to poor households are most likely to have MOV and that socio-
economic inequality in is determined not only by health system functions, but also by factors beyond the
scope of health authorities and care delivery system. The ﬁndings suggest the need for addressing social
determinants of health.
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Introduction
Global immunisation coverage data for 2016 indicate that more
than 60% of the 19.5 million children worldwide that did not
receive the full primary series of three doses of diphtheria-teta-
nus-pertussis containing vaccines (DTP3) live in low and mid-
dle-income countries.1 This suggests that there are missed
opportunities for vaccination (MOV) in these countries. MOV
refers to any contact with health services by an individual who
is eligible for vaccination (e.g. unvaccinated or partially vacci-
nated and free of contraindications to vaccination), which does
not result in the person receiving one or more of the vaccine
doses for which he or she is eligible.2 Missed opportunities for
vaccination occur in two major settings: (1) during visits for
immunisation and other preventive services (e.g., growth moni-
toring, nutrition assessments, and oral rehydration training ses-
sions), and (2) during visits for curative services. In both
settings, eliminating missed opportunities will raise the overall
immunisation coverage in a population, particularly when the
availability and use of health services are high. When the avail-
ability and use of health services are low, immunising at every
health care contact is extremely important because the risk for
vaccine-preventable diseases is likely to be high in these areas.
Strategies to reduce missed opportunities for vaccination
are recommended, many of which emphasize the usefulness of
periodic systematic monitoring of vaccine uptake to evaluate
the quality of immunisation programme performance at the
health service level as well as progress towards reducing
missed opportunities.3 A systematic review published in 2014
found the prevalence of MOVs in low- and middle-income
countries was high, but the large number of identiﬁed reasons
precludes standardized solutions. The authors emphasised the
importance of the assessement of temporal and geographic
variations4
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Understanding the gaps in MOV in sub-Saharan Africa would
inform interventions for improving immunisation coverage to
achieving universal childhood immunisation. We aimed to con-
duct a multicountry analyses with efforts to decompose the gap in
MOVbetween poor and non-poor in sub-Saharan Africa.
Results
Survey and sample characteristics
The countries, year of data collection, and the survey character-
istics are listed in Table 1. The surveys were conducted between
2007 and 2016. The median number of children aged 12 to
23 months was 1847 (range: 370 to 5893). Half of the children
were male. The average age of the children was 17 months.
About 46% of the mothers were between 25 and 34 years old
and about 41% had no formal education. One third of the
mothers were not working at the time of the survey. Most of
the respondents were living in rural areas (70%). Table 2
presents the descriptive statistics for the ﬁnal pooled sample.
Prevalence of MOV
There was a wide variation in the MOV rates among chidren of
poor and non-poor mothers across the 35 countries (Fig. 1). The
rate of MOV among children of mothers from poor households
ranged from 22.5% in Swaziland to 87.1% in Gabon, while it
ranged from 18.4% in Sao Tome and Principe to 93.4% in Gabon
among children of mothers from non-poor households.
Magnitude and variations in education inequality in MOV
Figure 2 shows the risk difference (measure of inequality)
between children of mothers from poor and non-poor house-
holds. Out of the 35 countries included in this analysis, 19
countries showed pro-poor inequality (i.e. MOV is prevalent
among the children of mothers from poor households), ﬁve
showed pro-non-poor inequality (i.e. MOV is prevalent among
children of mothers from non-poor households), and remain-
ing 11 countries showed no statistically signiﬁcant inequality.
Among the countries with statistically signiﬁcant pro-poor
inequality, the risk difference ranged from 4.2% in the Demo-
cratic Republic of Congo to 20.1% in Kenya. The risk difference
ranged from -16.0% in Nigeria to -4.7% in the Gambia.
Figure 3 plots the relationship between rate of MOV and
inequality for all countries. The countries can be grouped into
distinct categories:
 high MOV and high pro-poor inequality such as Zambia
 high MOV and high pro-non-poor inequality such as
Gabon
 low MOV and high pro-poor inequality such as Malawi
 low MOV and non-signiﬁcant pro-non-poor inequality
such as the Gambia
Decomposition of education inequality in MOV
The decomposition results are shown in eFig. 1 and Fig. 4. A
negative contribution indicates that the determinant was nar-
rowing the relative gap between poor and non-poor house-
holds. The contributions of the compositional ‘explained’ and
structural ‘unexplained’ components varied across the coun-
tries. Compositional effects of the determinants were responsi-
ble for most of the inequality in MOV between poor and non-
Table 1. Description of Demographic and Health Surveys data by countries, in sub-
Saharan Africa, 2007 to 2016.
Country Survey year
Number of
children MOV (%) Poor (%)
Angola 2016 2740 55.1 52.7
Benin 2012 2540 58.7 43.5
Burkina Faso 2010 2861 22.4 40.2
Burundi 2011 1540 25.6 40.5
Cameroon 2011 2282 46.5 43.6
Chad 2015 2954 47.2 40.7
Comoros 2012 585 38.3 44.6
Congo 2012 1842 67.3 71.9
Congo DR 2014 3435 63.8 48.4
Coted Ivoire 2012 1447 51.5 48.7
Ethiopia 2016 1940 52.9 50.6
Gabon 2012 1159 89 69.8
Gambia 2013 1611 23.2 51.8
Ghana 2014 1113 37.4 55.2
Guinea 2012 1335 55.5 43.5
Kenya 2014 3952 44.4 55.7
Lesotho 2014 682 41.5 46.5
Liberia 2013 1431 52.9 60.4
Madagascar 2009 2152 56.2 49.7
Malawi 2016 3269 43.8 45.9
Mali 2013 1847 61.7 38.8
Mozambique 2011 2282 34.3 37.4
Namibia 2013 968 31.2 41.5
Niger 2012 2158 49.9 33.3
Nigeria 2013 5893 43.7 45.8
Rwanda 2015 1531 60 44.6
Sao Tome Principe 2009 370 23.8 48.6
Senegal 2011 2353 47.8 55.3
Sierra Leone 2013 2208 34.7 43.4
Swaziland 2007 553 24.4 40.1
Tanzania 2016 2113 46.9 41.2
Togo 2014 1409 37.6 47.8
Uganda 2011 1381 58.1 47.3
Zambia 2014 2563 65.7 49.5
Zimbabwe 2015 1158 20.7 40.0
Table 2. Summary of pooled sample characteristics of the Demographic and
Health Surveys data in sub-Saharan Africa.
Number (%)
69657
Child’s age (mean (sd)) 17.13 (3.42)
Male (%) 35249 (50.6)
High birth order (%) 21723 (31.2)
Under-ﬁve children (mean (sd)) 2.02 (1.32)
Maternal age (%)
15–24 23931 (34.4)
25–34 31828 (45.7)
35–49 13898 (20.0)
Wealth index(%)
Poor 32912 (47.2)
Non-poor 36745 (52.3)
Maternal education (%)
no education 28310 (40.6)
primary 24139 (34.7)
secondaryC 17199 (24.7)
Not working (%) 22032 (31.6)
Media access (%)
0 23736 (34.1)
1 22378 (32.1)
2 16921 (24.3)
3 6622 ( 9.5)
Rural (%) 48467 (69.6)
2 D. NDWANDWE ET AL.
Figure 1. Description of Demographic and Health Surveys data by countries, in sub-Saharan Africa, 2007 to 2016.
Figure 2. Risk difference between children from poor and non-poor households in missed opportunities for vaccination, by countries.
HUMAN VACCINES & IMMUNOTHERAPEUTICS 3
poor households in Madagascar. While in Senegal, Sao Tome
and Principe, and Liberia structural effects of the determinants
were responsible for most of the inequality in MOV between
poor and non-poor households.
Figure 4 shows the detailed decomposition of the part of the
inequality that was caused by compositional effects of the deter-
minants. The important factors responsible for the inequality
varied across the countries. In Madagascar, the largest contri-
butions to the inequality in MOV was media access followed by
the number of under-ﬁve children and maternal education.
However, in Liberia media access narrowed the inequality in
MOV between poor and non-poor households.
Discussion
MOVs continue to hinder the efforts of increasing vaccine cov-
erage in Sub saharan Africa. We found wide variations in the
prevalence of MOV among children of poor and non-poor
Figure 3. Scatter plot of rate of missed opportunities for vaccination and risk difference between children from poor and non-poor households in sub-Saharan Africa.
Figure 4. Contributions of differences in the distribution ‘compositional effect’ of the determinants of missed opportunities for vaccination to the total gap between chil-
dren from poor and non-poor households.
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mothers across 35 countries. MOV rates among children of
mothers from poor and non-poor households ranged from
22.5% in Swaziland to 87.1% in Gabon and 18.4% in Sao Tome
and Principe to 93.4% in Gabon, respectively. Over 50% of the
mothers were of child bearing age and of those 41% had no for-
mal education, one third were unemployed during the survey
and 70% of them lived in rural areas. The data presented here
suggest that there is substantial MOV variation linked to factors
such as maternal education inequality, and should be explored
to better understand the issues surrounding poor vaccination
coverage in sub-Saharan Africa.
Socioeconomic status seems to be the major contributor for
inequalities in child health and is a major concern in sub-
Saharan African countries to achieve the Sustainable Develop-
ment Goal 3 (SDG3) set forth by the United Nations. Evidently
in this analysis, nineteen countries showed pro-poor inequality
(i.e. MOV is prevalent among the children of mothers from
poor households),ﬁve showed pro-non-poor inequality (i.e.
MOV is prevalent among the children of mothers from non-
poor households), and the remaining eleven countries showed
no statistically signiﬁcant inequality. Among the countries with
statistically signiﬁcant pro-illiterate inequality, the risk differ-
ence ranged from 4.2% in the Democratic Republic of Congo
to 20.1% in Kenya. The risk difference ranged from -16.0% in
Nigeria to -4.7 % in the Gambia. This supports the ﬁndings
that mothers with primary level education or higher were more
likely to have children who were fully vaccinated and maternal
age and receipt of antenatal or postnatal care were associated
with full vaccination of their children.6 Kenya had MOV of
53.3% of children from poor households compared with 33.2%
MOV from non-poor households and can be attributed to the
observation that slum of residence was also associated with vac-
cination status, with children in Viwandani being twice as likely
to be fully vaccinated compared to those in Korogocho.6 The
risk difference ranged from -16.0% in Nigeria to -4.7% in the
Gambia attributed to many reasons which include distance to
the Mother and Child Care clinics (MCCs), transport costs,
negative experiences at MCCs (such as interactions with
unfriendly staff), and mothers’ feeling of shame provoked by
different, often poverty-associated reasons such as attending
the clinic with a dirty or poorly clothed child.7 In Nigeria an
MOV of 35.1% from poor households compared 51.0% MOV
from non-poor household was observed. These observations
supports the ﬁnding that there is a relationship between wealth
and immunisation coverage. Children from families with non-
poor economic status have a higher chance of missing opportu-
nities for vaccination than children from poor household.8
The relationship between the rate of MOV and inequality
per country was analysed further to understand the relative gap
between poor and non-poor households. The contributions of
the compositional ‘explained’ and structural ‘unexplained’
components varied across countries. Compositional effects of
the determinants were responsible for most of the inequality in
MOV between poor and non-poor households in Madagascar.
Madagascar is one of the countries in which malnutrition does
not affect growth inequality in children under the age of ﬁve
year;s8 suggesting that poor and non-poor households have
other compositional effects that contribute to inequality in
MOV.9 However, in Senegal, Sao Tome and Principe, and
Liberia structural effects of the determinants were responsible
for most of the inequality in MOV between poor and non-poor
households. Household wealth and parental education were
robustly associated with improved vaccination coverage in chil-
dren, supporting prior work in other African nations.10-14 If a
child is born of an illiterate mother, the risk of not being fully
immunised increases by 85%, while the risks are 8% higher for
children in rural areas, 35% higher for children of birth order 3
or more. These are some of the compositional effects that can
contribute to inequality in MOV as outlined in a survey con-
ducted in India.15 A growing body of empirical work highlights
such associations between socioeconomic status (SES) and
`vaccination.10-11,16-17 The important factors responsible for
the inequality varied across the countries. In Madagascar, the
largest contributions to the inequality in MOV was media
access followed by number of under-ﬁve children and maternal
education. This reﬂects the increasing recognition that social
factors inﬂuence medical interventions including vaccination.
This suggests that individuals with more resources, including
money, knowledge, power, prestige, and beneﬁcial social con-
nections, will access vaccination more rapidly, and effectively
to curb preventable diseases. However, in Liberia media access
narrowed the inequality in MOV between poor and non-poor
households. Access to information is at the core of ensuring
that rates of MOV are reduced signiﬁcantly. This can include
healthcare workers facilitating education on the importance to
vaccination by conducting door to door activities, access to
media information which contribute to raising awareness and
mobilising social networks about vaccination in communities
where access to vaccines may be limited. The other important
contributors to reducing MOV have to do with improvement
of healthcare services, eliminating the travel costs associated
with seeking vaccinations at health facilities to ensure equal
access to healthcare facilities. The ﬁndings from this paper
highlight the need for multiple approaches to resolve the diffen-
tial factors that contribute to missed opportunities for vaccina-
tion, so as to bridge the gap in vaccination coverage between
poor and non-poor in sub-Saharan Africa.
Methods
Study design and data
Data for this cross-sectional study were obtained from Demo-
graphic and Health Surveys (DHS), which are nationally
representative household surveys conducted in low- and mid-
dle-income countries. This study used data from 35 recent
DHS surveys conducted between 2007 and 2016 in sub-Saharan
Africa available as of December 2017. The DHS uses a multi-
stage, stratiﬁed sampling design with households as the sam-
pling unit.18 Within each sample household, all women and
men meeting the eligibility criteria are interviewed. Because the
surveys are not self-weighting, weights are calculated to account
for unequal selection probabilities as well as for non-response.
With weights applied, survey ﬁndings represent the full target
population. The DHS surveys include a household question-
naire, a women’s questionnaire, and in most countries, a men’s
questionnaire. All three DHS questionnaires are implemented
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across countries with similar interviewer training, supervision,
and implementation protocols.
Outcome variable
We used the World Health Organisation (WHO) deﬁnition of
missed opportunity for vaccination (MOV) as the outcome var-
iable, categorized as a binary variable that takes the value of ‘1’
if a child aged 12–23 months had any contact with health serv-
ices who is eligible for vaccination (e.g. unvaccinated or par-
tially vaccinated and free of contraindications to vaccination),
which does not result in the child receiving one or more of the
vaccine doses for which he or she is eligible, (and ‘0’ if other-
wise). Contact with health services were deﬁned using the fol-
lowing six variables: skilled birth attendance, baby postnatal
check within 2 months, received vitamin A dose in ﬁrst
2 months after delivery, has health card and medical treatment
of diarrhea/ fever/cough We limited the analysis to one child
per woman in order to minimise over-representation of women
with more than one child in the age category.
Main determinant variable
DHS did not collect direct information on household income
and expenditure. We used DHS wealth index as a proxy indica-
tor for socioeconomic position. The methods used in calculat-
ing DHS wealth index have been described elsewhere.19-20
Brieﬂy, an index of economic status for each household was
constructed using principal components analysis based on the
following household variables: number of rooms per house,
ownership of car, motorcycle, bicycle, fridge, television and
telephone as well as any kind of heating device. From these cri-
teria the DHS wealth index quintiles (poorest, poorer, middle,
richer and richest) are derived. The bottom two quintiles (lower
40%) were considered as ‘poor’ and remaining three were clas-
siﬁed as ‘non-poor’.
Explanatory variables
The following factors were included in the models: child’s age,
sex of the child (male versus female), high birth order
(> 4 birth order), number of under ﬁve children in the house-
hold, maternal age completed years (15 to 24, 25 to 34, 35 or
older), maternal education (no education, primary or second-
ary or higher), employment status (working or not working),
and media access (radio, television or newspaper).
Statistical analyses
The analytical approach included descriptive statistics, uni-
variable analysis and Blinder-Oaxaca decomposition techni-
ques using logistic regressions. We used the descriptive
statistics to show the distribution of respondents by the key
variables. Values were expressed as absolute numbers (per-
centages) and mean (standard deviation) for categorical and
continuous variables respectively. We calculated the risk dif-
ference in missed opportunities between the two groups,
from poor or non-poor households. A risk difference
greater than 0 suggests that missed opportunities are
prevalent among children from poor households (pro-poor
inequality). Conversely, a negative risk difference indicates
that missed opportunities for vaccination is prevalent
among children from non-poor households (pro-non-poor
inequality). Finally, we adopted logistic regression method
using the pooled cross-sectional data to conduct the
Blinder-Oaxaca decomposition analysis.
The Blinder-Oaxaca decomposition21-22 is a counterfactual
method with an assumption that “what the probability of
missed opportunities for vaccination would be if children from
poor households had the same characteristics as their non-poor
counterparts?”. The Blinder-Oaxaca method allows for the
decomposition of the difference in an outcome variable
between 2 groups into 2 components. The ﬁrst component is
the “explained” portion of that gap that captures differences in
the distributions of the measurable characteristics (referred to
as “compositional” or “endowments”) of these groups. This
illustrates the portion of the gap in missed opportunities for
vaccination that is attributed to the differences in observable,
measurable characteristics between the two groups. Using this
method, we can quantify how much of the gap the “advan-
taged” and the “disadvantaged” groups is attributable to these
differences in speciﬁc measurable characteristics. The second
component is the “unexplained” part, meaning the portion of
the gap due to the differences in the estimated regression coefﬁ-
cients and the unmeasured variables between the two groups.
This is also referred to in the literature as the “structural” com-
ponent or the “coefﬁcient” portion of the decomposition. This
reﬂects the remainder of the model not explained by the differ-
ences in measurable, objective characteristics. The “unex-
plained” portion arises from differentials in how the predictor
variables are associated with the outcomes for the two groups.
This portion would persist even if the disadvantaged group
were to attain the same average levels of measured predictor
variables as the advantaged group.
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